Injury to retinal ganglion cell (RGC) axons triggers rapid activation of Jun N-terminal kinase (JNK) signaling, a major prodeath pathway in injured RGCs. Of the multiple kinases that can activate JNK, dual leucine kinase (Dlk) is known to regulate both apoptosis and Wallerian degeneration triggered by axonal insult. Here we tested the importance of Dlk in regulating somal and axonal degeneration of RGCs following axonal injury. Removal of DLK from the developing optic cup did not grossly affect developmental RGC death or inner plexiform layer organization. In the adult, Dlk deficiency significantly delayed axonal-injury induced RGC death. The activation of JUN was also attenuated in Dlk deficient retinas. Dlk deficiency attenuated the activation of the somal pool of JNK but did not prevent activation of the axonal pool of JNK after axonal injury, indicating that JNK activation in different cellular compartments of an RGC following axonal injury is regulated by distinct upstream kinases. In contrast to its robust influence on somal degeneration, Dlk deficiency did not alter RGC axonal degeneration after axonal injury as assessed using physiological readouts of optic nerve function.
Introduction
Axonal injury is a hallmark of several neurodegenerative disorders and can lead to permanent functional impairment as a result of neuronal cell death and axonal degeneration. In glaucoma, an early critical site of insult to retinal ganglion cell (RGC) axons occurs in the region of the lamina as they exit the eye (Anderson and Hendrickson, 1974; Howell et al., 2007b; Quigley et al., 1983; Schlamp et al., 2006) . Axonal injury initiates a cascade of signaling events both proximally and distally to the site of insult to trigger somal and axonal degeneration respectively (Abe and Cavalli, 2008; Coleman, 2005; Howell et al., 2013) . The somal and axonal degeneration pathways in glaucoma appear to be molecularly distinct (Howell et al., 2013; Whitmore et al., 2005) . Bax deficiency prevents RGC death following axonal injury, but BAX is not required for axonal degeneration (Howell et al., 2007a (Howell et al., , 2011 Li et al., 2000; Libby et al., 2005) . The Wld S mutation delays axonal degeneration but does not prevent somal degeneration of RGCs following axonal injury (Beirowski et al., 2008; Lorber et al., 2012) . It remains unknown how axonal injury triggers different effectors to regulate degeneration of these distinct cellular compartments. A key to understanding glaucomatous neurodegeneration will be to identify and critically test the importance of molecules activated by axonal injury in regulating both somal and axonal degeneration. Previously we have shown that Jun N-terminal kinase (JNK) is activated in RGC axons following axonal injury (Fernandes et al., 2012) . Of the multiple kinases that can activate JNK, dual leucine kinase (DLK; also known as MAP3K12) is known to be activated by axonal injury and regulate cell death triggered by pathological JNK activation in neurons. DLK is expressed in axons (Eto et al., 2010; Hirai et al., 2005; Xiong et al., 2010) and has been shown to function in retrograde injury signaling to the soma following axonal injury (Xiong et al., 2010) . DLK is required for activation of the stress-induced pool of JNK but does not alter physiological JNK activity in neurons (Ghosh et al., 2011) . Genetic deletion of Dlk abolishes the axonal injury induced accumulation of JNK and activation of JUN in the cell body as well as transcriptional responses to axonal injury (Watkins et al., 2013; Xiong et al., 2010) . DLK has also been implicated in axonal degeneration (Ghosh et al., 2011; Miller et al., 2009 
